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COMPLEX COMPUTING DEVICE, COMPLEX COMPUTING METHOD, ARTIFICIAL

INTELLIGENCE CHIP AND ELECTRONIC APPARATUS

(57) The present application discloses a complex
computing device, a complex computing method, an ar-
tificial intelligence chip and an electronic apparatus, and
relates to a field of artificial intelligence chips. One of the
solutions includes: an input interface receives complex
computing instructions and arbitrates each complex
computing instruction to a corresponding computing
component respectively, according to the computing
types in the respective complex computing instructions;
each computing component is connected to the input in-
terface, acquires a source operand from a complex com-
puting instruction to perform complex computing, and
generates computing result instruction to feed back to an
output interface; the output interface arbitrates the com-
puting result in each computing result instruction to the
corresponding instruction source respectively, according
to the instruction source identifier in each computing re-
sult instruction.
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Description
TECHNICAL FIELD

[0001] The present application relates to the technical
field of artificial intelligence, in particular to the technical
field of artificial intelligence chip.

BACKGROUND

[0002] There are many complex computations in an
artificial intelligence (Al) algorithm. These complex op-
erations can be implemented in an Al processor by com-
bining a number of basic arithmetic and logical operation
instructions.

SUMMARY

[0003] The present application provides a complex
computing device, a complex computing method, an ar-
tificial intelligence chip, and an electronic apparatus.
[0004] According to one aspect of the present applica-
tion, a complex computing device is provided, including
an input interface, a plurality of computing components,
and an output interface, wherein

the input interface is configured for receiving complex
computing instructions and arbitrating each of the com-
plex computing instructions to a corresponding comput-
ing component respectively, according to computing
types in the respective complex computing instructions,
wherein the complex computing instruction further in-
cludes an instruction source identifier and a source op-
erand for complex computing;

each computing component is connected to the input in-
terface, and the computing component is configured for
acquiring the source operand from the received complex
computing instruction to perform complex computing and
generating computing result instruction to feed back to
the output interface, wherein the computing result in-
struction includes the instruction source identifier in the
complex computing instruction and a computing result of
the complex computing; and

the output interface is configured for arbitrating each of
the computing results in the respective computing result
instructions to a corresponding instruction source re-
spectively, according to the instruction source identifiers
in the respective computing result instructions.

[0005] In accordance with another aspect of the
present application, an artificial intelligence chip is pro-
vided that includes a complex computing device as de-
scribed above, and a plurality of artificial intelligence
processor cores connected to the complex computing
device.

[0006] According to yet another aspect of the present
application, there is provided an electronic apparatus in-
cluding at least one processor, at least one memory, and
atleastone artificial intelligence chip as described above.
[0007] According to yet another aspect of the present
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application, a complex computing method is provided,
including:

receiving complex computing instructions from a plu-
rality of artificial intelligence processor cores, and
arbitrating each complex computing instruction to a
corresponding computing component respectively,
according to computing types in the respective com-
plex computing instructions, wherein each of the
complex computing instructions further comprises
an instruction source identifier of an artificial intelli-
gence processor core and a source operand for com-
plex computing;

a computing component acquiring a source operand
from the received complex computing instruction to
perform complex computing and generating comput-
ing result instruction, wherein the computing result
instruction includes an instruction source identifier
in the complex computing instruction and a comput-
ing result of the complex computing; and
arbitrating each of the computing results in the re-
spective computing result instructions to a corre-
sponding artificial intelligence processor core as an
instruction source, respectively, according to the in-
struction source identifiers in the respective comput-
ing result instructions.

[0008] Itisto be understood thatthe content described
in this section is neither intended to identify key or critical
features of the embodiments of the present application,
nor to limit the scope of the application. Other features
of the present application will become readily apparent
from the following description.

BRIEF DESCRIPTION OF THE DRAWINGS

[0009] The accompanying drawings are included to
provide a better understanding of the present application
and are not to be construed as limiting the present ap-
plication, wherein:

Fig. 1is a schematic structural diagram of an Al chip
according to an embodiment of the present applica-
tion;

Fig. 2 is a schematic structural diagram of an input
interface of a complex computing device according
to an embodiment of the present application;

Fig. 3 is an application example diagram of an input
interface of a complex computing device according
to an embodiment of the present application;

Fig. 4 is a schematic structural diagram of an output
interface of a complex computing device according
to an embodiment of the present application;

Fig. 5is an application example diagram of an output
interface of a complex computing device according
to an embodiment of the present application;

Fig. 6 is a schematic structural diagram of an elec-
tronic apparatus according to an embodiment of the
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present application;
Fig. 7 is a schematic diagram of a complex comput-
ing method according to an embodiment of the
present application.

Description of Reference Numerals:
[0010]

10: Al chip; 100: Al processor core; 200: complex
computing device;

210: input interface; 220: computing component;
230: output interface;

211: first master node; 212: first slave node;

213: first address judgment module; 214: first arbi-
tration module;

231: second master node; 232: second slave node;
233: second address judgment module; 234: second
arbitration module;

601: processor; 602: memory; 603: input device;
604: output device.

DETAILED DESCRIPTION

[0011] Exemplary embodiments of the present appli-
cation are described below in conjunction with the ac-
companying drawings, which include various details of
the embodiments of the present application to facilitate
understanding, and should be considered as merely ex-
emplary. Accordingly, one of the ordinary skills in the art
should recognize that various changes and modifications
can be made to the embodiments described herein with-
out departing from the scope and spirit of the present
application. Also, descriptions of well-known functions
and structures are omitted from the following description
for clarity and conciseness.

[0012] As described above, the complex operations
can be implemented in an Al processor by combining a
number of basic arithmetic and logical operation instruc-
tions. But itis much time-consuming and labor-intensive,
reduces execution efficiency of these complex opera-
tions, and also it is not friendly to software programming.
[0013] Currently, an Al processor usually implements
a complex computation by calling dedicated complex
computing units in a manner of single instruction. Due to
the fact that the logic area occupied by the complex com-
puting units is relatively large, if in a multi-core Al proc-
essor, each processor core exclusively occupies the
complex computing units, a large chip area would be oc-
cupied by it and the cost for implementing the multi-core
Al processor would be too much high; in addition, in a
practical application scenario, frequency of using the
complex computing instructions is not particularly high,
and the utilization rate of the complex computing units is
not very high when each processor core exclusively oc-
cupies the complex computing units.

[0014] Fig. 1illustrates a schematic structural diagram
of an Atrtificial Intelligence (Al) chip 10 that may be in
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accordance with an embodiment of the present applica-
tion.

[0015] As shown in Fig. 1, the Al chip 10 includes a
plurality of instruction sources 100 and a complex com-
puting device 200, wherein each of the plurality of instruc-
tion sources 100 is connected to a complex computing
device 200. In this embodiment, the instruction source
100 may be an Al processor core. Among other things,
the complex computing device 200 includes an input in-
terface 210, a plurality of computing components 220,
and an output interface 230. The input interface 210 may
be connected between the plurality of Al processor cores
100 and the plurality of computing components 220, and
the output interface may be connected between the plu-
rality of computing components 220 and the plurality of
Al processor cores 100.

[0016] A plurality of computing elements 220 may form
a Special Function Unit (SFU), each computing compo-
nent 220 having an independent operational capability
to implement some type of complex computing. A com-
plex operation herein refers to an operation that is com-
putationally large relative to a simple operation, which
may refer to an operation that is computationally small.
For example, a simple operation may be an addition op-
eration, a multiplication operation, or a simple combina-
tion operation of an addition operation and a multiplica-
tion operation. Each of the instruction sources 100, such
as the Al processor core, includes an adder and a mul-
tiplier. Therefore, it is more suitable for performing simple
operations by the Al processor core. A complex operation
refers to an operation which cannotbe formed by a simple
combination of an addition operation and a multiplication
operation, such as a floating-point exponentiation oper-
ation, a floating-point square root operation, a floating-
point division operation, a floating-point logarithm oper-
ation, a trigonometric function operation and the like.
[0017] Inoneexample, computingcomponent1is con-
figured to implement a floating-point exponentiation op-
eration; computing component 2 is configured to imple-
ment a floating-point square root operation; ...; comput-
ing component N is configured to implement a trigono-
metric function operation.

[0018] According to one embodiment, the computing
component 220 may include at least one of application
Specific Integrated Circuit (ASIC) chip and Field Pro-
grammable Gate Array (FPGA).

[0019] In one example, an instruction source, such as
an Al processor core 100, may decode an instruction to
be executed upon receipt ofthe instruction to be executed
and splice the decoded data into a complex computing
instruction such as sfu_dina. The complex computing in-
struction may include a computing type (the manipulation
type of the complex computing), an instruction source
identifier (e.g., core ID of an Al processor core), a source
operand, a write-back address, etc. In one example, the
Al processor core 100 adds the generated complex com-
puting instruction sfu dina to a dedicated SFU instruction
queue. The SFU instruction queue is a First Input First
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Output (FIFO) queue.

[0020] Each instruction source, such as the Al proces-
sor core 100, may issue an instruction request req1 to
the input interface 210 of the complex computing device
200. The input interface 210 acquires the complex com-
puting instruction sfu dina from each Al processor core
100 in response to the instruction request, and arbitrates
each complex computing instruction sfu_dina to the cor-
responding computing component 220 respectively, ac-
cording to the computing type in each complex computing
instruction sfu_dina.

[0021] Forexample: if the computing type in sfu_dina1
is a floating-point square root operation, the input inter-
face 210 arbitrates sfu_dina1 to the computing unit 2; if
the computing type in sfu_dina2 is a floating-point expo-
nentiation operation, the input interface 210 arbitrates
sfu_dina2 to the computing unit 1.

[0022] The computing component220is configured for
acquiring a source operand from the received complex
computing instruction sfu_dina to perform complex com-
puting, generating a computing result instruction
sfu_dout, and feeding it back to the output interface 230.
The computing result instruction sfu dout may include an
instruction source identifier, a computing result, a write-
back address, etc. Here, the computing result is the com-
puting result of the computing component 220 performing
complex computing on the source operand, and the in-
struction source identifier and the write-back address are
from data in the complex computing instruction sfu_dina
received by the computing unit 220.

[0023] For example, the computing component 1 re-
ceives a complex computing instruction sfu_dina2,
wherein the sfu_dina2 includes source operands X and
Y, a write-back address Z, an instruction source identifier
AA and the like, and the computing component 1 per-
forms floating-point exponentiation operation on the
source operands X and Y, splices the computing result,
the write-back address Z, the instruction source identifier
AA and the like into a computing result instruction
sfu_dout1 and feeds it back to the output interface 230.
[0024] Theoutputinterface 230 receives computing re-
sultinstructions sfu_dout1, sfu_dout2 ... sfu_doutN from
each computing component 220, and arbitrates the com-
puting result and write-back address in each computing
result instruction to the corresponding instruction source
(such as an Al processor core 100) respectively, based
on the instruction source identifier in each computing re-
sult instruction. The Al processor core 100 writes the
computing result into an internal register based on the
write-back address.

[0025] Accordingtothe embodiment of the present ap-
plication, the complex computing device 200 is weakly
coupled with eachinstruction source (such as the Al proc-
essor core 100), various complex computing instructions
use the same data path (the input interface 210) and are
sent to the corresponding computing components, and
the respective computing result instructions also use the
same data path (the output interface 230) to return to the
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respective instruction sources, so that a SFU shared by
multiple instruction sources is realized, and the data
paths when the instruction sources call the SFU for com-
plex computing can be reduced, and the area cost and
the power consumption of the Al chip can be decreased.

[0026] Inone embodiment,inputinterface 210 and out-
put interface 230 are in a structure of crossbar-array-
type.

[0027] As shown in Fig. 2, the input interface 210 may

include a plurality of first master nodes 211 and a plurality
of first slave nodes 212. Wherein, each first slave node
212 is connected to each first master node 211, respec-
tively, and each first slave node 212 is connected to each
computing component 220 in one-to-one correspond-
ence manner. That is, the input interface 210 may be a
master-slave structure type. In one example, each first
master node 211 is connected, in one-to-one corre-
spondence, to each Al processor core 100.

[0028] Therefore,thefirstmasternode 211 canacquire
a corresponding complex computing instruction from the
connected Al processor core 100 and arbitrate the ac-
quired complex computing instruction to the correspond-
ing first slave node 212 according to the computing type
in the acquired complex computing instruction; the first
slave node 212 may send the received complex comput-
ing instruction to the connected computing component
220.

[0029] Inoneembodiment, asshownin Fig. 2, the input
interface 210 may further include a plurality of first ad-
dress judgment modules 213 and a plurality of first arbi-
tration modules 214, wherein each first master node 211
is connected to each first address judgment module 213
in one-to-one correspondence, each first arbitration mod-
ule 214 is connected to each first address judgment mod-
ule 213, and each first arbitration module 214 is connect-
ed to each first slave node 212 in one-to-one correspond-
ence.

[0030] Therefore, the first address judgment module
213 may receive the corresponding complex computing
instruction from the connected first master node 211,
compare the instruction type in the received complex
computing instruction with each of the connected first
slave node 212, and output a first request enabling valid
signal, i.e., req_en1 is valid, if the comparison result is
that they are matched.

[0031] In one example, the data in each first master
node 211 includes an instruction request signal req1, a
first address signal addrl, a first data signal data1, and
aninstruction response signal gnt1. The firstaddress sig-
nal addrl includes a computing type in the complex com-
puting instruction sfu_dina, and the first data signal data1
includes an instruction source identifier, a source oper-
and, a write-back address and the like in the complex
computing instruction sfu_dina.

[0032] Thatis, eachfirstmasternode 211, after receiv-
ing the complex computing instruction sfu_dina, takes a
computing type in the complex computing instruction
sfu_dina as the first address signal addrl of the first mas-
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ter node 211, and takes the instruction source identifier,
the source operand, the write-back address, etc. in the
complex computing instruction sfu_dina as the first data
signal data1 of the first master node 211.

[0033] Each first address judgment module 213 com-
pares the first address signal addrl of the first master
node 211 connected to the firstaddress judgment module
213 with the sequence number of each first slave node
212. If they are matched, req_en1 is outputted as a valid
signal (a first request enabling valid signal) to the first
arbitration module 214 connected to the corresponding
first slave node 212; if they are not matched, req_en1 is
outputted as an invalid signal (first request enabling
invalid signal). Here, "matched" may be equal.

[0034] The first arbitration module 214 is configured
for determining a first target request enabling valid signal
from a plurality of outputted first request enabling valid
signals, according to a preset arbitration algorithm, and
gating the first master node 211 corresponding to the first
target request enabling valid signal and the first slave
node 212 connected to the first arbitration module 214.
Herein, the arbitration algorithm includes, but is not lim-
ited to, priority arbitration algorithm, polling arbitration al-
gorithms, and the like.

[0035] Inoneexample,the dataineachfirstslave node
212 includes a valid signal vild and a data signal data’.
Each first slave node 212 corresponds to one first arbi-
tration module 214. Each of the first arbitration modules
214 receives req_en1 signals generated by the first ad-
dress judgment modules 213 to which all of the first mas-
ter nodes 211 are connected, and performs arbitration
selection on valid req_en1 signals so as to gate one first
master node 211 therefrom, that s, to gate the first master
node 211 corresponding to the first target request ena-
bling valid signal and the first slave node 212 connected
to the first arbitration module 214. When a first master
node 211 and a first slave node 212 are gated, the signal
data1 of the first master node 211 may be assigned to
the signal data’ of the first slave node and the signal vid
of the first slave node is set as valid.

[0036] As shown in Figs. 2 and 3, the input interface
210 supports M first master nodes 211 and N first slave
nodes 212, and at most M (when M<N) or N (when M>N)
paths may be simultaneously gated. As shown in Fig. 3,
there are two paths gated simultaneously, that is, a first
master node 2 and a first slave node N are gated, and
also a first master node M and a first slave node 1 are
gated, respectively. Where M is the number of the in-
struction source (e.g., Al processor core 100) and N is
the number of the computing types of the complex com-
puting instructions.

[0037] In one embodiment, the first master node 210
acquires the corresponding complex computing instruc-
tion from the connected Al processor core 100 via a
Handshake Protocol. For example, the first master node
M receives the instruction request signal req1, and when
the first slave node 1 gates the first master node M
through arbitration, the instruction response signal gnt1
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of the first master node M is valid, that is, the input req1
and the output gnt1 are handshaking signals, indicating
that the data transmission is completed and the next data
transmission can be initiated.

[0038] In one embodiment, as shown in Figure 4, the
outputinterface 230 includes a plurality of second master
nodes 231 and a plurality of second slave nodes 232.
Each second master node 231 is connected to each com-
puting component in one-to-one correspondence mode,
and each second slave node 232 is connected to each
second master node 231 respectively. That is, the output
interface 230 may also be of the master-slave structure
type. In one example, each second slave node 232 is
connected in one-to-one correspondence with each ar-
tificial intelligence processor core 100.

[0039] Therefore, the second master node 231 can ac-
quire a corresponding computing result instruction from
the connected computing component and arbitrate the
acquired computing result instruction to the correspond-
ing second slave node 232, according to the instruction
source identifier in the acquired computing result instruc-
tion; the second slave node 232 may send the received
computing resultinstruction to the corresponding instruc-
tion source, such as the Al processor core 100 connected
to the second slave node 232. The computing result in-
struction also includes a computing result and a write-
back address, and the Al processor core 100 writes the
computing result into the internal register according to
the write-back address.

[0040] Inoneembodiment,asshownin Fig.4,the input
interface may further include a plurality of second ad-
dress judgment modules 233 and a plurality of second
arbitration modules 234, wherein each second master
node 231 is connected to each second address judgment
module 233 in one-to-one correspondence manner, each
second arbitration module 234 is connected to each sec-
ond address judgment module 233, and each second
arbitration module 234 is connected to each second slave
node 232 in one-to-one correspondence manner.
[0041] Accordingly, the second address judgment
module 233 may receive the corresponding computing
result instruction sfu_dout from the connected second
master node 231, compare the instruction source iden-
tifierin the received computing resultinstruction sfu_dout
with each connected second slave node 232, and output
a second request enabling valid signal, i.e., req_en2 is
valid, if the comparison result is they are matched.
[0042] Inoneexample, the datain each second master
node 231 includes a result request signal req2, a second
address signal addr2, a second data signal data2, and a
result response signal gnt2. The second address signal
addr2 includes the instruction source identifier in a com-
puting result instruction sfu dout, and the second data
signal data2 includes a computing result, a write-back
address and the like in a computing result instruction
sfu_dout. That is, each second master node 231, after
receiving the computing resultinstruction sfu_dout, takes
the instruction source identifier in the computing result
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instruction sfu_dout as the second address signal addr2
of the second master node 231, and takes the computing
result and the write-back address, etc. in the computing
result instruction sfu_dout as the second data signal
data2 of the second master node 231.

[0043] Each second address judgment module 233
compares the second address signal addr2 of the second
master node 231 connected to the second address judg-
mentmodule 233 with the sequence number of each sec-
ond slave node 232. If they are matched, req_en2 is out-
putted as a valid signal (a second request enabling valid
signal) to the second arbitration module 234 connected
to the corresponding second slave node 232; if they are
not matched, req_en2 is outputted as an invalid signal
(second request enabling invalid signal). Here,
"matched" may be equal.

[0044] The second arbitration module 234 determines
a second target request enabling valid signal from a plu-
rality of outputted second request enabling valid signals
according to a preset arbitration algorithm, and gates the
second master node 231 corresponding to the second
target request enabling valid signal and the second slave
node 232 connected to the second arbitration module
234.

[0045] In one example, the data in each second slave
node 232 includes a valid signal vid’ and a data signal
data". Each second slave node 232 corresponds to one
second arbitration module 234. The second arbitration
module 234 receives req_en2 signals generated by the
second address judgment modules 233 to which all of
the second master nodes 231 are connected, and per-
forms arbitration selection on the valid req_en2 signal to
gate one second master node 231 therefrom, i.e., gates
the second master node 231 corresponding to the sec-
ond target request enabling valid signal and the second
slave node 232 connected to the second arbitration mod-
ule 234. When a second master node 231 and a second
slave node 232 are gated, the signal data2 of the second
master node 231 may be assigned to the signal data" of
the second slave node 232 and the vid’ signal of the sec-
ond slave node is set as valid.

[0046] As shown in Figs. 4 and 5, the output interface
supports N second master nodes 231 and M second
slave nodes 232, and at most M (when M <N) or N (when
M> N) paths can be simultaneously gated. As shown in
Fig. 5, there are two paths gated simultaneously, that is,
a second master node 1 and a second slave node 3 are
gated, and also a second master node N and a second
slave node 1 are gated, respectively.

[0047] The number of the computing component 220
may be N or greater. For example, when it is found in
actual use that the usage frequency of a certain comput-
ing type is much higher than that of other computing
types, the computational power may be increased by in-
creasing the number of the computing component 220
corresponding to the computing type, as long as the
number of the first slave nodes 212 and the number of
the second master nodes 231 are increased accordingly.
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[0048] In one embodiment, the second master node
231 acquires the corresponding computing resultinstruc-
tion from the connected computing component 220 via
a Handshake Protocol. For example, the second master
node 1 receives the result request signal req2, and when
the second slave node 3 gates the second master node
1 through arbitration, the instruction response signal gnt2
of the second master node 1 is valid, i.e. the input req2
and the output gnt2 are handshaking signals, indicating
that the data transmission is completed and the next data
transmission can be initiated.

[0049] A traditional Al chip provides a separate data
cache path both in the stage of sending an instruction
request and in the stage of writing back a computing re-
sult, when implementing each type of complex computing
instruction. When there are many computing types of
complex computing instructions, these data cache paths
occupy large area resources and cause resource waste.
In addition, a special data path is arranged for each type
of SFU instruction, and when the instructions need to be
expanded, corresponding data paths need to be addi-
tionally added either, which does not facilitate expansion
of SFU and reuse of data paths.

[0050] The complex computing device 200 in the em-
bodiment can adoptthe inputinterface 210 and the output
interface 230 in the form of a crossbar, so that the area
occupation can be reduced, and the area of an Al chip
10 can be reduced; moreover, the crossbar supports flex-
ible configuration and is convenient to be adapted to dif-
ferent numbers of instruction sources (such as the Al
processor cores 100) and different the numbers of com-
plex computing types; further, itis also possible to flexibly
expand the number of the computing components 220
according to requirements, to improve concurrency and
computational power, thereby improving the perform-
ance of the Al chip 10.

[0051] Fig. 6 shows a schematic structural diagram of
an electronic apparatus according to an embodiment of
the present application. As shownin Fig. 6, the electronic
apparatus is intended to represent various forms of digital
computers, such as laptop computers, desktop comput-
ers, workstations, personal digital assistants, servers,
blade servers, mainframe computers, and other suitable
computers. The electronic apparatus may also represent
various forms of mobile devices, such as personal digital
processing, cellular telephones, smartphones, wearable
apparatuses, and other similar computing devices. The
components are shown herein, their connections and re-
lationships, and their functions are by way of example
only and are not intended to limit the implementations of
the application described and/or claimed herein.

[0052] As shown in Fig. 6, the electronic apparatus in-
cludes one or more processors 601, a memory 602, one
or more Al chips 10, and interfaces for connecting com-
ponents, including high-speed interfaces and low-speed
interfaces. The various components are interconnected
using different buses and may be mounted on a common
motherboard or otherwise as desired. The processor may
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process instructions for execution within the electronic
apparatus, including instructions stored in memory orin
memory to display graphical information of the GUI on
an external input/output device, such as a display appa-
ratus coupled to the interface. In other embodiments,
multiple processors and/or multiple buses may be used
with multiple memories, if desired. Likewise, multiple
electronic apparatuses may be connected, each provid-
ing some of the necessary manipulations (e.g., as an
array of servers, a set of blade servers, or a multiproc-
essor system). An example of a processor 601 is shown
in Figure 6.

[0053] The electronic apparatus may further include
an input device 603 and output device 604. The proces-
sor 601, memory 602, input device 603, and output de-
vice 604 may be connected by a bus or other means,
exemplified by a bus connection in Fig. 6.

[0054] Theinputdevice 603 may receive input numeric
or character information and generate key signal input
related to user settings and functional controls of an elec-
tronic apparatus representing the shape of an obstacle.
The inputdevice is for example a touch screen, a keypad,
a mouse, a track pad, a touch pad, an indicating arm,
one or more mouse buttons, a trackball, a joystick, and
the like. The output device 604 may include a display
apparatus, auxiliary lighting device (e.g., LED), tactile
feedback device (e.g., vibration motor), etc. The display
apparatus may include, but is not limited to, a liquid crys-
tal display (LCD), a light-emitting diode (LED) display,
and a plasma display. In some preferred embodiments,
the display apparatus may be a touch screen.

[0055] To provide interaction with a user, the systems
and techniques described herein may be implemented
on a computer having: a display device (e.g., a CRT
(cathode ray tube) or LCD (liquid crystal display) monitor)
for displaying information to a user; and a keyboard and
a pointing device (e.g., a mouse or a trackball) through
which a user can provide the input to the computer. Other
types of devices may also be used to provide an interac-
tion with a user; for example, the feedback provided to
the user may be any form of sensory feedback (e.g., vis-
ual feedback, auditory feedback, or tactile feedback); and
the input from the user may be received in any form,
including acoustic input, voice input, or tactile input.
[0056] Fig. 7 illustrates a complex computing method
according to an embodiment of the present application,
including:

S701, receiving complex computing instructions,
and arbitrating each complex computing instruction
to a corresponding computing component according
to the computing types in the respective complex
computing instructions, wherein the complex com-
puting instruction further includes an instruction
source identifier of an artificial intelligence processor
core and a source operand for complex computing;

S702, a computing component acquiring a source
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operand from a received complex computing instruc-
tion to perform complex computing and generating
computing result instruction, wherein the computing
resultinstruction includes an instruction source iden-
tifier in the complex computing instruction and a com-
puting result of the complex computing; and

S703, arbitrating the computing result in each com-
puting resultinstruction to the corresponding instruc-
tion source respectively, according to the instruction
source identifierin each computing resultinstruction.

[0057] In one embodiment, the methods according to
the embodiments of the present application may be per-
formed by the complex computing device 200 described
above, for example, S701 may be performed by the input
interface 210 and S703 may be performed by the output
interface 230.

[0058] It should be understood that an operation or a
step may be reordered, added, amended or deleted with
respect to various forms of the flows as shown above.
For example, the respective steps recited in the present
application may be performed in parallel or sequentially
or may be performed in a different order, so long as the
desired result of the technical solutions disclosed in the
present application can be achieved, and no limitation is
made herein.

[0059] Furthermore, the terms "first" and "second" are
used for descriptive purposes only and are not to be con-
strued as indicating or implying relative importance or
implicitly indicating the number of technical features in-
dicated. Therefore, features defining "first" and "second"
may explicitly or implicitly include one or more such fea-
tures. In the description of the present application, the
meaning of "a plurality" or "multiple" is two or more unless
specifically defined otherwise. The term "connected" is
to be construed broadly and may, for example, be directly
connected or indirectly connected through an intermedi-
ary. The specific meaning of the above terms in this ap-
plication will be understood by those of ordinary skills in
the art, as the case may be.

[0060] The above-mentioned embodiments are not to
be construed as limiting the scope of the present appli-
cation. It will be apparent to those skilled in the art that
various modifications, combinations, sub-combinations
and substitutions are possible, depending on design re-
quirements and other factors. Any modifications, equiv-
alents, improvements, etc. that come within the spiritand
principles of the present application are intended to be
included within the scope of the present application.

Claims

1. A complex computing device (200), comprising an
input interface (210), a plurality of computing com-
ponents (220) and an outputinterface (230), wherein
the input interface (210) is configured for receiving
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complex computing instructions and arbitrating each
complex computing instruction to a corresponding
computing component, respectively, according to
computing types in the respective complex comput-
ing instructions, wherein each of the complex com-
puting instructions further comprises an instruction
source identifier and a source operand for complex
computing;

each computing component (220) is connected to
the input interface, and the computing component is
configured for acquiring the source operand from a
received complex computing instruction to perform
complex computing, and generating computing re-
sult instruction to feed back to the output interface,
wherein the computing result instruction comprises
the instruction source identifier in the complex com-
puting instruction and a computing result of the com-
plex computing; and

the output interface (230) is configured for arbitrating
each of the computing results in the respective com-
puting result instructions to a corresponding instruc-
tion source, respectively, according to the instruction
source identifiers in the respective computing result
instructions.

The complex computing device of claim 1, wherein
the input interface (210) and the output interface
(230) are both of a crossbar switch array configura-
tion.

The complex computing device of claim 1, wherein
the input interface (210) comprises a plurality of first
master nodes (211) and a plurality of first slave nodes
(212), each of the first slave nodes (212) is connect-
ed to each of the first master nodes (211), respec-
tively, and each of the first slave nodes (212) is con-
nected to each of the computing components (220)
in one-to-one correspondence;

the first master node (211) acquires the complex
computing instruction, and arbitrates the acquired
complex computing instruction to the corresponding
first slave node (212) according to the computing
type in the acquired complex computing instruction;
the first slave node is configured for sending the re-
ceived complex computing instruction to the com-
puting component connected thereto.

The complex computing device of claim 3, wherein
the input interface (210) further comprises a plurality
of first address judgment modules (213) and a plu-
rality of first arbitration modules (214), each of the
first master nodes is connected to each of the first
address judgment modules in one-to-one corre-
spondence, each of the first arbitration modules is
connected to each of the firstaddress judgment mod-
ules, respectively, and each of the first arbitration
modules is connected to each of the first slave nodes
in one-to-one correspondence;
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the first address judgment module is configured for
receiving the corresponding complex computing in-
struction from the connected first master node, com-
paring the instruction type in the received complex
computing instruction with each connected first slave
node to determine whether they are matched, and
outputting a first request enabling valid signal in re-
sponse to a result of the comparing being matched;
the first arbitration module is configured for deter-
mining a first target request enabling valid signal
from a plurality of outputted first request enabling
valid signals according to a preset arbitration algo-
rithm, and gating the first master node corresponding
to the first target request enabling valid signal and
the first slave node connected to the first arbitration
module.

The complex computing device of claim 4, wherein
the output data of the first master node (211) com-
prises a first address signal and a first data signal,
the first address signal comprises the computing
type, and the first data signal comprises the instruc-
tion source identifier and the source operand: the
first address judgment module (213) being config-
ured for receiving the corresponding first address
signal from the connected firstmaster node and com-
paring the received first address signal with the se-
quence number of each connected first slave node;
the first slave node (212) being configured for receiv-
ing the corresponding first data signal from the gated
first master node.

The complex computing device of claim 3, wherein
the first master node (211) receives the complex
computing instruction through a Handshake Proto-
col.

The complex computing device of claim 1, wherein
the output interface (230) comprises a plurality of
second master nodes (231) and a plurality of second
slave nodes (232), each of the second master nodes
is connected to each of the computing components
in one-to-one correspondence, and each of the sec-
ond slave nodes is connected to each of the second
master nodes, respectively;

the second master node acquires the corresponding
computing result instruction from the connected
computing component, and arbitrates the acquired
computing result instruction to the corresponding
second slave node, according to the instruction
source identifier in the acquired computing result in-
struction; the second slave node is configured for
sending the received computing result instruction to
the corresponding instruction source.

The complex computing device of claim 7, wherein
the output interface (230) further comprises a plural-
ity of second address judgment modules (233) and
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a plurality of second arbitration modules (234), each
of the second master nodes (231) is connected to
each of the second address judgment modules in
one-to-one correspondence, and each of the second
arbitration modules is connected to each of the sec-
ond address judgment modules, respectively;

the second address judgment module is configured
for receiving the corresponding computing result in-
struction from the connected second master node,
comparing an instruction source identifier in the re-
ceived computing result instruction with each con-
nected second slave node (232) to determine wheth-
er they are matched, and outputting a second re-
quest enabling valid signal in response to a result of
the comparing being matched;

the second arbitration module is configured for de-
termining a second target request enabling valid sig-
nal from a plurality of outputted second request en-
abling valid signals, according to a preset arbitration
algorithm, and gating the second master node cor-
responding to the second target request enabling
valid signal and the second slave node connected
to the second arbitration module.

The complex computing device of claim 8, wherein
the output data of the second master node (231)
comprises a second address signal and a second
data signal, the second address signal comprises
the instruction source identifier, and the second data
signal comprises the computing result: the second
address judgment module (233) being configured for
receiving the corresponding second address signal
from the connected second master node (231) and
comparing the received second address signal with
the sequence number of each connected second
slave node (232); the second slave node being con-
figured for receiving the corresponding second data
signal from the gated second master node.

The complex computing device of claim 7, wherein
the second master node (231) acquires the corre-
sponding computing result instruction from the con-
nected computing component (220) through a Hand-
shake Protocol.

An artificial intelligence chip (10), comprising the
complex computing device (200) of any one of claims
1 to 10, and a plurality of instruction sources (100)
connected to the complex computing device.

The artificial intelligence chip of claim 11, wherein
the instruction source (100) comprises an artificial
intelligence processor core.

An electronic apparatus, comprising at least one
processor (601), at least one memory (602) and at
least one said artificial intelligence chip (10) as
claimedinclaim 11 or 12, which are communicatively
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connected.

14. A complex computing method, comprising:

receiving (S701) complex computing instruc-
tions, and arbitrating each complex computing
instruction to a corresponding computing com-
ponent respectively, according to computing
types in the respective complex computing in-
structions, wherein each of the complex com-
puting instructions further comprises an instruc-
tion source identifier and a source operand for
complex computing;

the computing component acquiring (S702) the
source operand from the received complex com-
puting instruction to perform the complex com-
puting and generating computing result instruc-
tion, wherein the computing result instruction
comprises an instruction source identifier in the
complex computing instruction and a computing
result of the complex computing; and
arbitrating (S703) each of the computing results
in the respective computing result instructions
to a corresponding instruction source, respec-
tively, according to the instruction source iden-
tifiers in the respective computing result instruc-
tions.

15. A computer program product comprising computer

program instructions, the computer program instruc-
tions, when executed by a computer, cause the com-
puter to perform the method according to claim 14.
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